CHEMISTRY

Researchers have found
novel nanocatalysts that lower
the Dbarrier to converting
carbon dioxide (CO,)—an
abundant greenhouse gas—into
methanol (CH,OH)—a key
commodity used to produce
numerous industrial chemicals
and fuels. With the help of
ambient-pressure x-ray photo-
electron spectroscopy (AP-XPS)
at the ALS, researchers have
discovered that nanoparticles
of cerium oxide (ceria) in
contact with copper will form
metal-oxide interfaces that
allow the adsorption and acti-
vation of CO,, opening a new
reaction pathway for the
synthesis of methanol. In one
case, it worked almost 90 times
faster than catalysts commonly
used for this reaction today.

Currently, methanol is
synthesized industrially from
mixtures of H, and CO (or
sometimes CO,) at elevated
pressures (50 to 100 atm) and
temperatures (450 to 600 K)
using catalysts containing
copper and zinc oxide. The
synthesis of methanol from
CO, is of particular interest as
a way to mitigate this abun-
dant greenhouse gas and make
use of it as an alternative and
economical methanol feed-
stock. However, because of its
chemical inertness, CO, inter-
acts only weakly with most
catalysts. Previous studies
have shown that its reactivity

Scanning tunneling microscope image of a cerium oxide (CeO,)

and copper (Cu) catalyst used in the transformation of carbon
dioxide (CO,) and hydrogen (H,) gases to methanol (CH,OH) and
water (H,0). In the presence of hydrogen, the Ce* and Cu*' are

reduced to Ce®* and Cu® with a change in the structure of the

catalyst surface.

can be enhanced somewhat by
"decorating” a Cu surface with
Zn or late transition metals. In
this work, the researchers took
a different approach, coupling
Cu to ceria (CeO,), a reducible
oxide. The ceria/Cu system
had been studied before as a
catalyst for other reactions.
The cations of the ceria
nanoparticles in contact with
Cu can easily alternate
between 3+ and 4+ oxidation

states. Thus, in ceria/Cu, an
active metal-oxide interface
can have oxide centers with
dynamic chemical properties.

In this study, about 20% of
the catalyst's Cu substrate was
covered by ceria. The nano-
structure was prepared by
vapor-depositing Ce onto Cu in
an atmosphere of O, to form
ceria islands on the step edges
of a Cu surface. The ceria
islands were predominantly
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What To Do with G0,?

Recently, the United States and Chinaannounced a jointagree-
ment setting targets for greenhouse gas emissionsthrough the
year 2030. It was an acknowledgment, by the world’s biggest
CO, emitters, of the need to address the adverse health and
environmental effects of burning fossil fuels. In general, meet-
ing such targets will require multifaceted strategies.

Besides generating less CO,, we can preventthe CO,that we do
generate from lingering in the atmosphere. CO, capture and
sequestration are familiar examples ofthis, butthereisanother

facet: CO, re-use. Instead of storing CO, underground as a
waste product, we can “recycle” itinto useful products such as
chemicals, cements, plastics, or liquid fuels.

For re-use to work, however, the total amount of energy
needed to complete a given process must be minimized so
that we end up with a net reduction in the CO, emitted. Thus,
effective catalysts that can lower the energy requirements for
CO,chemical reactions are an important part of the equation.
Here, Graciani et al. report on a new nanocatalyst that can do
just that for CO, in producing methanol, a key industrial
chemical commonly used to make other chemicals and fuels.
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C 1s AP-XPS dataforaceria/Cu surface after exposure to CO, (30
mTorr) and H, (270 mTorr) at 473 K. The weak features at ~284 eV
denote the deposition of a very small amount of C on the surface
of the catalystas aconsequence of the complete decomposition
of CO,. The main feature can be fitted with two peaks at 289.2and
288.4 eV, attributed to formates and carboxylates, respectively.
The carboxylates were detected in appreciable amounts only
when ceria was dispersed on the Cu and were not stable in UHV,
making for a better intermediate than the formates.

one layer thick, exhibiting
rough surfaces with an occa-
sional CeO, termination.
Reduction in H, increased the
surface roughness of the ceria
particles, creating an expanded
ceria-Cu interface.

Using a combination of
AP-XPS at ALS Beamline 9.3.2
and infrared spectroscopy, the
researchers investigated the
interaction of CO, and CO,/H,
gas mixtures with Cu, ceria,
and ceria/Cu surfaces at
temperatures between 300 and
500 K. Pure CO,, did not adsorb
on Cu at these temperatures.
On the other hand, the adsorp-
tion of CO, on a ceria surface
produced strongly bound
carbonate (CO,*) species. A
carboxylate (CO,>) species was
detected in appreciable amounts
only when ceria-copper inter-
faces were present in the cata-
lyst. The low stability of the
carboxylate species makes it an

excellent intermediate in the
conversion of CO, to methanol.
The results of DFT calcula-
tions indicated that the ther-
mochemistry of the reaction
steps associated with the
formation of methanol on a
ceria-copper  interface is
predominantly downhill, with
an overall exothermic process.
The researchers also inves-
tigated a catalyst generated by
co-depositing nanoparticles of
Cu and ceria on a substrate of
titania (TiO,). The rate of
methanol production for this
catalyst was about 87 times
faster than for the typical cata-
lyst of copper and zinc oxide in
use today, while plain ceria on
titania (without Cu) showed no
activity for methanol synthesis.
The results suggest that the
extremely high activity is prob-
ably attributable to the type of
metal-oxide interface involving
Cu and ceria described above.
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In general, this study illus-
trates the substantial benefits
that can be obtained by prop-
erly tuning the properties of a
metal-oxide interface in cata-
lysts for methanol synthesis. In
a metal-oxide interface, one
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can have adsorption and reac-
tion sites with complementary
chemical properties, truly
bifunctional sites that would
be very difficult to generate on
the surface of pure metal or
alloy systems.
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